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Abstract 
In the paper, a research on determining the standing wave ratio as a measure of electromagnetic absorbing capacity of moulding materials 
is presented. Preliminary tests performed using a microwave strip line showed that high-silica, chromite and magnesite moulding sands are 
characterised by low absorbing capacity of microwaves. It was demonstrated that microwave absorbing capacity is significantly affected 
by chemical compounds included in the examined substrates. It was found that use of a microwave strip line permits precise determining 
characteristic microwave absorbing capacities of various moulding materials and thus their suitability for microwave drying/hardening of 
moulds and cores or for other foundry processes. Such a microwave drier can be applied for identifying mass components and for 
determining e.g. base granularity by means of precisely determined reflection ratios |Γ| and positions of minimum signal values. 
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1.  Introduction 
 
1.1 Microwaves 
Properties and possible applications of microwaves are decided by 
their frequency (from 0.3 to 30 GHz) and wavelength (from 1 m to 
1 cm). The most common application of microwaves are 
telecommunication, radiolocation and microwave heating [1]. 
Ultrashort microwaves at 2.45 GHz are widely used mainly in 
industrial heating processes (e.g. drying). Concentrated microwave 
energy permits removing water particles from heated substrates in a 
quick and economic way. Among numerous applications of 
microwaves at 2.45 GHz, some processes related to manufacture of 
casting moulds and cores can be distinguished [2]. So, the foundry 
engineering is a subsequent area where specific properties of 
ultrashort and supershort waves can be widely used to make the 
foundry practice easier and more effective, and in addition to reduce 
costs of the processes conducted there. Therefore, is becomes 
necessary to determine, which of the materials commonly used for 
casting moulds or cores guarantee effective and safe conducting 
these processes in a microwave field. Important are mainly the 
parameters of moulding materials not presented in literature till 
now, like dielectric conductivity and microwave absorption ratio, as 
well as their changes resulting from using these materials in foundry 
practice. It is known that the factor decisive for microwave 
absorption in such mixtures is concentration of water particles, both 
free and bounded. However, not all the physical and 
physicochemical phenomena accompanying penetration of 
moulding materials by microwaves are recognised. This paper 
continues analysing the subjects touched in the previous 
publications [3,4]. 
1.2. Test stand  
The phenomenon of a standing wave in a waveguide, caused by 
interference of the reflected and the incident waves, is often utilised 
in microwave metrology. This way it is possible to determine the 
standing wave ratio (SWR) that plays a very important role in 
heating processes. The ratio can be measured using microwave strip 
lines [1,5-7]. In this research, the standing wave ratio was examined 
using an appliance consisting of electromagnetic wave source, 
rectangular waveguide with movable probe and an SWR meter. 
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237The waveguide was made is such a way that the detecting probe 
could be introduced inside through a deliberately made slot. The 
probe placed in the area covered by electromagnetic field from the 
waves propagating in the waveguide permits precise measuring 
drop of the signal power due to reflection from the loading 
impedance. 
An apparatus made by Amitec Electronics Ltd. equipped with a 
Gunn diode was used as the electromagnetic wave source. Power of 
the generated signal was 3.98 mW, constant during the whole 
measurements cycle. Attenuation was read on the SWR meter. 
1.3. Wavelength in waveguide 
Before starting the tests, wavelength λf in the rectangular 
waveguide with the given dimensions was calculated. The 
calculation was made using the equation: 
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where λo is the wavelength in vacuum [6]. 
As the cut-off wavelength λgr in (1) is twice as long as the 
waveguide longer side, the wavelength λf is 160 mm [6]. This 
means that the measured minimum and maximum signal values will 
happen in the waveguide every 0.25 of the wavelength, exactly 
every 40 mm. In addition, the possibility of reading at least one 
minimum and one maximum requires that the minimum waveguide 
length is L >> 0.5 λf [1]. 
1.4. Microwave absorption measurement 
The performed research was aimed at precise determining the 
portion of the incident microwave power Ppad absorbed by the 
examined substrate. Knowing this parameter should permit ranging 
the materials by their microwave absorption capacity, determining 
optimum conditions of the microwave heating process and e.g. 
identifying the mix components. 
The SWR was determined directly by calculations using the 
equations (2) and (3) [6]: 
) ( log 20
min
max dB A
U
U
= ⋅  (2) 
10  
20
A
min
max
⎟
⎠
⎞
⎜
⎝
⎛
= =
U
U
wfs                                                         (3) 
Modulus of the standing wave reflection coefficient was determined 
from the equation (4) and introduced to the formula (5) [5-7]: 
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Absorbed power is equal to difference between the incident and 
the reflected power (6) [5-7]: 
odb pad abs P P P − =
Before starting measurements on real substrates, the measuring 
stand was calibrated. In a closed microwave line, reflection of a 
wave reaches the largest possible deflection and ratio of measured 
powers of the maximum and minimum signals reaches sufficiently 
high values [1,7]. Analysis of the calibration results for Ppad = 3.98 
mW indicates that the difference in the waveguide matching of 
1.47 mW is related to power consumption, among others by the 
probe immersed in the waveguide and by surface layer of the 
waveguide material [6]. The so determined value was accepted as 
constant and used in further calculations of absorbed power Pabs of 
the examined substrates. 
1.5. Preparation of test pieces 
The examined materials were introduced to a constant-volume 
chamber installed at the waveguide end. The chamber was made of 
a material with very low microwave attenuation coefficient 
ensuring free wave transmission and penetration into the wall 
materials. Before testing, all the substrates were dried and then 
cooled in a desiccator down to the ambient temperature. 
 
2.  Determining the microwave 
reflection coefficient 
2.1. Moulding sands 
Examination results of microwave absorption by various 
grades of moulding sands are settled in Table 1. Exact 
measurements of the signal attenuation revealed the visible in Fig. 
1 difference of microwave absorption between the popular high-
silica sand (SiO2) and less common magnesite (97% MgO) and 
chromite (45% Cr2O3) sands. Analysis of the results shows that 
the sands more expensive, more sintering-resistant than high-
silica sand and including metal oxides (magnesium, 
chromium,iron) are characterised by higher microwave absorption 
capacity.  
 
 
Tabele1. Microwave absorption capacity of various moulding sands 
Examined material:  SWR |Γ| |Γ|
2 P odb [mW]  Pabs [mW] 
Completely closed line 0.11  0.79  0.63  2.51  1.47 
Chromite sand PCG/G  0.17 0.70 0.50  1.97  0.54 
Magnesite sand  0.14 0.76 0.58  2.30  0.21 
Fine high-silica sand (Grudzen Las)  0.12 0.78 0.61  2.43  0.08 
Fine high-silica sand (Nowogród Bobrzański)  0.13 0.77 0.60  2.37  0.14 
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Fig. 1. Attenuation vs. position of minimum measured signal   
for various moulding sands 
 
Fig. 2. Attenuation vs. position of minimum measured signal  for 
various fractions of high-silica sand from Grudzen Las mine 
 
 
Table 2. Microwave absorption capacity of various high-silica sand fractions 
 
Examined material:  SWR  |Γ| |Γ|
2 P odb [mW]  Pabs [mW] 
Very fine 0.16/0.10/0.071 0.11 0.79  0.63  2.51  0 
Fine 0.20/0.16/0.10  0.12 0.78  0.61  2.43  0.08 
Medium 0.32/0.20/0.16  0.12 0.79  0.62  2.45  0.05 
Coarse 0.40/0.32/0.20  0.12 0.79  0.62  2.48  0.03 
Grit 0.63/0.40/0.32  0.13 0.78  0.60  2.40  0.11 
 
Table 3. Microwave absorption capacity of binders and moulding additives 
Examined material:  SWR  |Γ| |Γ|
2 P odb [mW]  Pabs [mW] 
Completely closed line  0.11 0.79  0.63 2.51  1.47 
Bentonite „Special”  0.15 0.74  0.54 2.16  0.35 
Bentonite  „Geco”  0.13 0.76  0.58 2.32  0.19 
Bentonite „Bentomak”  0.11 0.81  0.65 2.59  0 
White clay GM-3  0.11  0.80  0.64  2.54  0 
Magnesite  dust  0.17 0.70  0.50 1.97  0.54 
Hard coal dust  0.11  0.80  0.64  2.55  0 
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Fig. 3. Attenuation vs. position of minimum measured 
signal for various binders and moulding additives 
 
 
 
Fig. 4. Attenuation vs. position of minimum measured 
signal for liquid glass and water 
 
Table 4. Microwave absorption capacity by liquid glass and water 
Examined material:  SWR  |Γ| |Γ|
2 P odb [mW]  Pabs [mW] 
Completely closed line  0.11 0.79  0.63 2.51  1.47 
Liquid glass grade 137  0.37 0.46  0.21 0.84  1.67 
Liquid glass grade 145  0.37 0.46  0.21 0.84  1.67 
Liquid glass grade 150  0.38 0.45  0.21 0.82  1.69 
Water at ambient temp.  0.32 0.52  0.27 1.07  1.44 
 
 
Table 5. Microwave absorption capacity by mixtures with various water contents 
Examined material:  SWR  |Γ| |Γ|
2 P odb [mW]  Pabs [mW] 
High-silica sand – water 0%  0.11  0.79  0.63  2.51  0 
High-silica sand – water 2% 0.13  0.77 0.59  2.34  0.17 
High-silica sand – water 4% 0.14  0.75 0.57  2.27  0.24 
High-silica sand – water 6% 0.15  0.73 0.54  2.14  0.37 
High-silica sand – water 8%  0.26  0.58  0.34  1.36  1.15 
High-silica sand – water 10%  0.70  0.18  0.03  0.13  2.38 
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Fig. 5. Attenuation vs. position of minimum measured signal for mixtures of very fine high-silica sand and water 
 
 
Therefore, the chromite and magnesite sands are aggregates 
which permit reducing the heating process duration. It is 
expected that temperature will increase much faster in the mixes 
prepared with these sands than in the mixes prepared with high-
silica sands. 
Table 2 gives measurement results for various granularity 
fractions of high-silica sand from the Grudzen Las mine. The 
parameters SWR and Pabs determined by microwave strip line 
revealed absence of any significant influence of the sand major 
fraction on microwave absorption. Figure 2 shows positions of 
minimum values of the examined signal. As the main fraction of 
high-silica sand decreases, minimum values of the measured 
signal move away from load. This effect is supposedly 
influenced by volume of free spaces between grains and surface 
area of the SiO2 grains. 
2.2. Binders and moulding additives 
Examination results of microwave absorption by popular 
binders and moulding additives are settled in Table 3. As can be 
seen, magnesite dust with granulation >0.10 used in protective 
coatings and bentonite "Special" are characterised by the highest 
microwave absorption. The other materials like bentonite 
"Bentomak", white clay GM-3 and hard coal dust remain neutral 
for microwaves. Figure 3 shows distinct displacement away 
from load and concentration of signal minimum values for 
powdery materials. 
2.3. Inorganic binders, water 
The subsequent group of materials, for which microwave 
absorption capacity was examined, were three grades of 
inorganic binder – soda liquid glass, see Table 4. The binder 
grades differing with the ratio of free silica to basic oxide 
contents showed identical, high microwave absorption capacity. 
The measured values of microwave absorption (capacity) by the 
examined colloidal solutions appeared higher than those for 
water. Figure 4 shows positions of the minimum signal values 
which can permit identifying a given binding material in two-
component mixtures. 
3. Possibility of humidity detemination 
Within the research cycle on microwave absorption capacity 
by various materials, an attempt was made to determine 
microwave absorption in mixtures with various water content. 
To this end, mixtures of 0.16/0.10/0.071 fraction high-silica 
sand with various water contents were prepared. Results of 
microwave absorption testing by these mixtures are settled in 
Table 5 and shown graphically in Fig. 5. The minimum signal 
values moved away from load along with increasing water 
content, which is indicated in the figure by arrows. So, it can be 
supposed that this type measurements can also make a way of 
quantitative determination of water content in moulding and 
core mixes. 
4. Summary 
The presented test stand permits quick and efficient evaluation 
of possible effective application and optimisation of microwave 
heating in foundry processes. Moreover, using a microwave 
strip line allows identifying components of moulding sands by 
means of its characteristic parameters, e.g. |Γ| and positions of 
minimum values. It was found that duration of the microwave 
heating process can be reduced by proper selection of base 
materials of moulding and core sands. It is expected that 
knowledge of characteristic parameters can also serve for 
quantitative evaluation of materials used for preparing moulding 
mixes 
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